Shuttle box avoidance behavior has been widely used for the analysis of the physiological bases of learning and memory. Nevertheless, the neural circuits mediating this behavior are largely unknown. However, the neural circuit responsible for the classical conditioning of another type of avoidance response, the nictitating membrane response, has been partially identified 12'~3. It has been shown that the mossy fibers arising from the pontine nucleus transmit the conditioned stimulus, coming in from the environment or other brain structures, to the cerebellum where it is processed with the unconditioned stimulus coming in through the climbing fibers. Thus, electrical stimulation of different subdivisions of the pontine nucleus leads to effective conditioned responses after association with the unconditioned stimulus 8'1°. It is important to note that the pontine nucleus receives visual information from the inferior and superior colliculus and visual cortex 14. Therefore, the major role of the pontine nucleus may be to relay information coming in from the environment or from other brain areas (i.e. cerebral cortex, thalamus .... ) to the cerebellum in order to process this information and produce the adequate motor response 1. If this is the case for active avoidance responses, such as shuttle box avoidance behavior, electrical stimulation of the pontine nucleus should serve as a conditioned stimulus in the task and should be as effective as a light-conditioned stimulus. It would also be important to demonstrate that the animals that learn the task do not do so by using other strategies (i.e. higher number of intertrial responses...) and that electrical stimulation of a control site is not as effective in inducing the avoidance response.
We therefore studied the effectiveness of the electrical stimulation of different subdivisions of the pontine nucleus (ventral and lateral nuclei) as a conditioned stimulus in the learning of an avoidance response in a shuttle box.
The experiments were performed in male Wistar rats (250-300 g b.wt.) which were housed in a controlled environment (temperature 22-24 °C; humidity 50 + 10~o) with a non-reversed cycle. Food and water were freely available. Animals were anesthetized with sodium pentobarbital (50 mg/kg), placed in a stereotaxic instrument and unilaterally implanted with twisted bipolar stainless steel electrodes, which were entirely insulated except at the cross sectional area of the tips, in the ventral pontine nucleus (7.0 mm posterior to bregma, 1.0 mm lateral to the midline and 10.5 mm below the skull surface) or the lateral pontine nucleus (7.0 mm posterior to bregma, 2.0 mm lateral to the midline and 10.00 mm below the skull surface) 6. Five days later, four groups were formed. A group of animals received electrical stimulation of the ventral pontine nucleus as a conditioned stimulus in a two-way active avoidance task in a shuttle box (PV group; n = 7) 6. A second group received electrical stimulation of the lateral pontine nucleus as a conditioned stimulus in the avoidance task (PL group; n = 7). A third group received a light stimulus as a conditioned stimulus in the avoidance task (Light group; n = 5). Finally, the fourth group was not submitted to surgery and did not receive any conditioned stimulus in the avoidance task (NO CS group; n = 5). In order to eliminate the possibility that the effects observed due to the stimulation of the pontine nuclei were due to current spread to the medial lemniscus, we implanted an additional group of animals (n--3) with electrodes unilaterally in the medial iemniscus at a level (5.0 mm posterior to bregma, 1.5 mm lateral to the midline and 7.5 mm below the skull) where the stimulation would not reach the pontine nucleus. The shuttle box apparatus has been previously described 3. There were 70 trials each day (for 3 days) of a sequence consisting of a 30-s intertrial interval, 10 s of avoidance interval in which the respective conditioned stimuli (ventral pontine stimulation, lateral pontine stimulation, light stimulus, no stimulus or medial lemniscus stimulation) were presented and 10 s of escape interval in which a 0.25 mA scrambled footshock was delivered through a grid floor. If the animals responded either during the avoidance or escape interval the trial was ended and the intertrial interval was reinstated. If no avoidance response was performed, the conditioned stimulus was continued during the escape interval. The electrical stimulation of the different sites consisted of 200 #s pulses at a frequency of 200 Hz and an intensity range of 50-150/~A. This stimulation did not induce motor responses and did not cause any obvious aversive effect in the animals. This was shown in preliminary experiments, were the presentation of the electrical stimulation alone did not induce any escape responses or any type of locomotor activity. Thus, motor activity was shown to be the same before and during electrical stimulation. Electrical stimulation of other sites has been shown to elicite clearly observable aversive effects 3. The light stimulus delivered to the animals (in the Light group) was found on the ceiling of the shuttle compartment in which the animal was located at the beginning of each trial. After the completion of the experiment the animals implanted with an electrode were perfused through the heart with saline followed by paraformaldehyde (4~o). Coronal sections of the brain were cut in a cryostat and then stained with Cresyl violet. Fig. 1 shows the localization of the electrode tips for the animals in the PV and PL groups. The coordinates indicated for the medial lemniscus group correspond to the site (according to the atlas of the rat brain of Paxinos and Watson 6) where the electrode tips were found in the histological analysis. The tips where all located within the medial lemniscus. The animals that were given a light CS in the task learned rapidly to avoid the aversive stimulus (Fig. 2) . By the first day of training the animals in this group had reached a 70°0 success rate of avoidance responses (84~/o and 93.7°'° success rate of avoidance responses for the second and third days respectively). The animals in the PV group also learned to avoid the aversive stimulus on the first day. These animals reached a 65 ~o success rate in the first day of training (84)o and 93,8 ~o success rate of avoidance responses for the second and third days respectively). The animals that received no conditioned stimulus in the behavioral task (NO CS group) did not learn to avoid the aversive stimulus on the first day of training (12~o success rate). On the following days, these animals showed a tendency to increase the number of avoidance responses (34% and 48~o success rate of avoidance responses for the second and third days respectively), but this was due to an increase in the number of intertrial responses (as described below). The animals in the PL group did not learn to avoid the aversive stimulus in any of the training sessions (31~o, 21~o and 44.8% success rate of avoidance responses for the first, second and third days respectively). The performance of these animals was comparable to the performance of the animals in the NO CS group. ANOVA indicated that there were (Fig. 2 ) was due to a significantly (P<0.0001) greater number of intertrial responses (ITR) of these animals in the second (mean ITR+ S.E.M. =74.4+ 13.9) and third (mean ITR+ S.E.M. = 125.4 + 7.14) days of performance compared with the PV (24 + 4.3 and 22.7 + 2.5; second and third days respectively), PL (24.8+4.7 and 16.71 +2.7; second and third days respectively) and Light CS (31.8 + 2.4 and 12.6 + 1.9; second and third days respectively) groups. The animals implanted with an electrode in the medial lemniscus were not able to learn the task. The behavior of these animals in the task resembled the NO CS group in intertrial responses (mean ITR + S.E.M. of medial lemniscus stimulation group = 73.3 + 3.3, 102.6 + 4.5 and 69.6 + 7.1; first, second and third days respectively) and resembled the PL and NO CS groups in avoidance responses (mean avoidance responses + S.E.M. of medial lemniscus stimulation group= 9.6 + 3.3 (13.7~o success rate), 21.6 + 2.3 (30.8~o success rate) and 17.3 + 3.1 (24.7~o success rate); first, second and third days respectively). Thus, these animals performed a significantly lower number of avoidance responses than the PV and Light CS groups for each day of training. The results show that electrical stimulation of the ventral pontine nucleus is as effective as a light stimulus for rats to learn an avoidance response in a shuttle box. On the other hand, electrical stimulation of the lateral pontine nucleus or of the medial lemniscus was ineffective to induce the same behavior. Finally, since we used a fixed intertrial interval in our task it was important to consider the possibility that the animals learned the task by temporal conditioning, and was done by evaluating the number of intertrial responses the animals performed. It is clear that the only animals that performed the task by temporal conditioning after the second day were the animals in the NO CS group. Since the animals in the PV group did not increase their intertrial responses it is obvious that they did not learn the task by temporal conditioning.
The efficacy of the electrical stimulation of the ventral pontine nucleus and not of the lateral pontine nucleus to induce avoidance behavior in the shuttle box suggests the involvement of specific subdivisions of this structure in the learning of avoidance behaviors. Since the pontine nucleus is the major source of mossy fibers to the cerebellum ~4, and this structure has been largely hypothesized to account for learning and memory processes 5, our data suggests the involvement of the cerebellum in the performance and learning of active avoidance behaviors. This hypothesis is in accordance with the growing evidence that lesions of the cerebellum disrupt the performance of active avoidance tasks 4'7"9. Moreover, in one study electrical stimulation of some cerebellar sites have been used effectively as a conditioned stimulus in an avoidance task 2. The involvement of the interpositus nucleus of the cerebellum in the performance of a discriminative avoidance response has been recently studied in rabbits ~. It was shown that lesions of this nucleus do not disrupt the performance of avoidance responses, but as was suggested this does not rule out the involvement of other cerebellar regions in the performance of avoidance behavior.
An alternative hypothesis for the present study may be that the electrical stimulation of the ventral pontine nucleus activated the fibers of the medial lemniscus and therefore the effect would not be mediated by the cerebellum but by other forebrain areas. Nevertheless, we show that this is not the case since direct electrical stimulation of the medial lemniscus at a site where it does not activate the pontine nucleus is not an effective conditioned stimulus. Also, in preliminary studies we have observed that electrode tips located dorsal to the pontine nucleus (close to the medial lemniscus) needed higher levels of current intensity in order to produce a similar effect. Therefore, the spread of current to the medial lemniscus is an unlikely hypothesis to explain the present results.
In conclusion, the electrical stimulation of a specific subdivision of the pontine nucleus, the ventral pontine nucleus, serves as a conditioned stimulus in an avoidance task in a shuttle box. This stimulation is as effective as a light stimulus in inducing the avoidance response, and the observed effect is not due to high levels of intertrial crossings.Acknowledgements. This work was supported by grants from CAM and DGICYT. We gratefully acknowledge the technical assistance oF C. Garcia.
